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GENERAL INTRODUCTION 

Papaverine occurs in the unripe seed capsules of the 

opium poppy Papaver somniferum, L. in amounts ranging from 0.5 

to 1% by weignt. Many methode are known to industry for its 

isolation and purification. This alkaloid finds use in medicine 

as one of a group of spasmolytic drugs with a paralyzing action 

on the smootb muscles of the intestines and blood vessels. 

However, in common with other pnar.macologically usetul alkaloids 

derived from the opium poppy, the availability of natural papa­

verine is ltmited by the stringent international controle on 

the eultivation of this plant. 

While several methode have been developed for the ayn­

thesis of papaverine, up to this decade, it was doubtfUl if they 

could compete economically with even the small yield extracted 

from natural sources. German researah oarried out during the 

last war, and brougnt to lignt in very recent B.I.o.s. reports, 

now indicates that synthetic papaverine may oompete with, and 

even displace, the natural product. 

It seems reasonably certain that any economically sue­

cesstul synthesis of papaverine must employ vanillin as a prin­

cipal reactant. Althougn vanillin could now be obtained in al­

most unltmited amounts and at reasonable cost from the waste 

liquors of the sulfite pulping of softwoods, its production 

has hitherto been limited by the lack or adequate commercial 
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uses. 

The present researah had the object of exploring 

still further the possibility of utilizing vanillin for the 

synthesis of papaverine. Condensation of aminoacetal with 

the desoxybenzoin prepared from methylated vanillin yielded 

the expected Sahif.t base, but ring closure of the base gaTe 

only a very low yield of papaverine. The major product was 

a hitherto unknown isomer of the desired compound. In similar 

tashion, ring closure of the hydrogenated Scb.i.tf' base gaTe an 

unknown isomer of ~ydropapaverine. 



HISTORICAL INTRODUCTION 

Discovery of Papaverine and 
Proof of Structure 

The discovery of papaverine was made in the year 

1848 by G. Merck (1) who 1so1ated it from the mother 11quors 

ot the morphine containing extracts of poppies. He analyzed 

the substance, its hydrochloride and platinicnloride, and 

assigned the presently accepted formula of C20H2104N to the 

base (2). More refined methods of separation of the alkaloid 

were soon evolved. P1ugge (3), for example, precipitated 

narcotine and papaverine by adding concentrated sodium acetate 

to a solution of the mixed hydroChlorides of the opium alka­

loids. This mixed precipitate was re-dissolved in a large 

volume of dilute hydroahloric acid and papaverine was precipi­

tated with potassium terricyanide. Collection of the precipi­

tate and decomposition with caustic soda gave pure papaverine 

in amounts up to 98% of that originally present in the poppy. 

Papaverine was the first ot the opium alkaloids whose 

structure was oompletely known, principally owing to the ettorts 

ot GoldsChmiedt (4) over the period 1885 to 1898. He Showed 

the presence of a tertiary nitrogen atom by formation of the 

methiodide, and that of tour methoxyl groups per mole. Oxida• 

tion ot the base with potassium permanganate under varying con­

ditions gave rise to the tollowing oompounds: 



COOH 

6 1 7-dimethoxy­
isoquinoline-l­
carboxylic acid 

I 

Meoo~ OOŒ 

MeO ·# 

veratric acid 

III -

MeoOcoœ 
lleO 1 # COOH 

m-hemipinio aoid 

ll 

COOH 

OCOOH 

~ COOH 

pyridine-2,3 1 4-
trioarboxylio aoid 

IV -

4. 

On the basis of the above evidence and a mass of confirmative 

data which is not relevant to this discussion, the following 

correct structure was assigned to papaverine in the year 1888 (5): 

œg 

' 0 OMe 

OMe 

v -



Syntheses of Papaverine 

Many attempts, both suooesstul and unsuooesstul, 

have been made to synthesize papaverine or elosely related 

analogues. The first complete s.ynthesis, accomplished by 

Pictet and Gama (6) in 1909, ~ollowed a general route ror 

whieh no alternative bad been discovered. All successful 

syntheses or the papaverine type structure involve the in­

tramoleoular condensation of an acylaminoethane derivative: 

VI -
or a SChitt base: 

VII -
where R, R•• may be pbenyl,dimethoxyphenyl, or methylenedioxy-

phenyl, and R• is H, OH, or OMe. 

In partieular, the Pictet and Gams synthesis employed 

veratrol and homoveratric ac1d as the starting materials. Vera­

trol (dimethyl catechol) was converted by the Friedel-Cra.f:t;s 

reaction to acetoveratrone whose isonitroso derivative, redueed 

with tin and hydrochloric aeid, gave aminoacetoveratrone (VIII). 

The hydrochloride of this amine, condensed with homoveratroyl 

chloride (IX) gave homoveratroyl-.J-aminoacetoveratrone (X) 

whioh could be reduced to a secondary alcohol (XI), ring elosed 
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and dehydrated with phosphorus pentoxide to give papaverine (V): 

N&Hg 
Et OH 

VIII 

+ 
Cl-CO 

\ 
CH2 

OMe 

IX -

x -

~ 

CH2 

60Me 
Olle 

v -
From the rather incomplete data recorded, it would seem that 

an over-all yield of papaverine no greater than 1% was effected 

by this method. 

Very shortly prior to this completed synthesis of papa­

verine, Pictet and Finklestein (7) obtained 3,4-dihydropapa-
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verine (XIV) by ring closure of the amide (XIII) obtained from 

the condensation of homoveratrylamine (XII) and homoveratroyl 

ohloride {IX) : 

+ 
• 

XII -

IX -

n It remained for Spath and Berger (8) in 1927 to Show that 

this compound could be dehydrogenated directly wit~ palladized 

asbestos at 200°0. to gi ve a 73tf, yield of papaverine. However, 

the over-all yield in this process would again be no greater 

than l or 2~ 

n Buck, Haworth, and Perkin, Jr., (9) prior to Spath 

and Bergerrs work, had found however that 3,4-dihydropapaverine 

(XIV) when dissolved in ethanol and exposed to the air gave 
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3,4-dihydropapaveraldine (XV). This cou1d then be dehydro­
genated in 10~ methano1ic potassium hydroxide to papaveral­

dine (XVI) and tina1ly reduced to papaverine (V): 

10% KOO: 
Meœ 

c=o 
1 

OOMe 
OMe 

XVI -

Zn 
Acœ 7 

OMe 

Olle 

v 

In 1927 two groups of investigators, Rosenmund, 

Notnagel and Reisentelt {10), and Mannich and Walther (11), 

accomplished the synthesis of papaverin~ in a somewhat dit-

OMe 
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ferent manner althougn the basic linear skeleton prior to the 

ring elosure was retained in this case as well. T.he novelty 

of the method arose when veratraldehyde (XVII) was condensed 

with nitromethane and the resulting ~~nitrostyrene (XVIII) 

was redueed to give a-methoxyhomoveratrylamine (XIX). ~· 

hydroohloride ot this base was -eondensed with homoveratro7l 

chloride (ttX) and ring closed in the usual manner: 

MeO"' CHO 

MeO ~ 

HCl .;> 

MeO"' CH=CH-N02 Meœ 
7 Me # -__ A:.::.c.;..;œ:~-~ 

XVIII 

P2o5 or 
POCia 
xylene ~ 

+ :Meœ: 

+Hœ 

NaHg 

IX 

! 
OMe 



. ·' ..• 

10. 

No estimate or the over-a11 yield could be deduced from this 

work but one migbt conjecture that it, too, might be quite 1ow. 

J.S. Buck (12) in 1930 attempted a variation of Pic­

tet and Gams' original synthesis by what he hoped would be a 

direct ring closure of homo vera troy1- .J -am.ino-acetovera trone 

(X) with phosphorus oxychloride, then to be tollowed by reduc­

tion, dehydration and dehydrogenation. Whi1e he obtained papa­

verine by this process, it remained for Young and Robinson (13) 

a tew years 1ater to clarity the meahanism of the reaction and 

show that ring c1osure tirst oecurred as shown in (XXI); hydro­

genation then opened the ring to (XIII) and on1y in the next 

stage was the desired ring closure to (XXII) brougnt about: 

0 

MeO,.,.B'œ2 

Me k 0"c/ o:Me 

~oOMe 

XIII -

PoC13 
toluene 

PCl5 
Cold 
CHC13 -?> 

• • • • • 

1 

1 
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Asbestos MaO 
2QQO 

v 

It is o~ value to observe here the remarkably mild conditions 

(phosphorus pentaohloride in cold ohloro~or.m) that were employed 

to induce the ring closure, since prior to this time, boiling 

xylene or toluene solvants were believed to be necessary. 

A very interesting synthesis of papaverine, althou8n 

" in quite low yield, was carried out by Spath and Berger in 

1930 (14). The direct condensation o~ homoveratrylamine (XII) 

and homoveratraldehyde (XXIII) gave the corresponding SChift 

base (XXIV) whioh was eyclized in hot 19% hydroehloric acid 

to give tetrahydropapaverine (XXV). The low yield of (XXV) 

was attributed to the instability of both the SChiff base 

and the aldehyde. Hahn and Sohales (15) however, several 

years later, observed that ~-phenylethylamines condensed most 

readily with phenylacetaldehydes at pH 5 and room temperature. 

Conditions suoh as these are exceedingly mild, and may be ex­

pected to exist in the plant cells themselves. While it 11 

not certain that papaverine arises in the plant by the dehy­

drogenation of tetranydropapaverine derived in this way, it 

is nevertheless a feasible route. Certainly, it indicates 

that optimum condensation conditions, in many cases, are tar 



---'l' 

XII 
CHO OMe 

!uOoMe 

XXIII 

Meo 
19~ HOl ~ f 

7lle0 

milder than they are usually imagined to be. 

12. 

G.!!gCH 

' 2 hN 
HO?' OMe 

~aOMe 
XXIV -

During the last war several processes tor the commer­

cial production or papaverine were evolved in German industrial 

plants and were deseribed in recent B.I.o.s. reports (16). T.bese 

processes were no doubt based, in part, on the investigations 

ot Kindler and co-workers (17) who eondensed homoveratrylamine 

and hamoveratric aoid in boiling tetralin or dihydrophellandrene. 

!he resulting amide could then be cyclized and dehydrogenated to 

give papaverine. An excellent example of the advantage that 

may be taken of the experience of the pas t fitty years in the se 

prooesses is the procedure used at the Merck (Darmstadt) plant. 



Here veratraldehyde (XVII) was reduced over a nickel-keiselgUbr 

catalyst at ll0°C. and 2200 p.s.i. to veratryl alcohol (XXVI) 

whieh, when treated with hydrogen Chloride, then potassium 

cyanide, followed by hydrolysis with alcoholic potassium hydrox­

ide, gave homoveratric acid (XXVII). On the other hand, when 

the condensation product of nitromethane and veratraldehyde was 

reduced with zinc dust in a 5~ mercurio chloride solution, a good 

yield of homoveratrylamine (XII) was obtained. The condensation 

of this amine (XII) and homoveratric acid (XXVII) at 180°C. in a 

decalin solvent and ring closure ot the amide with phosphorus 

oxychloride in refluxing trichloroethylene gave 3,4-dihydro­

papaverine (XIV). This substance eould be dehydrogenated with 

palladium on pumiee to give an over-all papaverine yield of 16% 

fram veratraldehyde. 

The proeess in the A.G. Knoll plant at Ludwigshaven 

was similar to the Merck process except that homoveratrylamine 

was prepared by hydrogenation of the veratryl cyanide interme­

diate 1n the preparation or homoveratrie aeid. The Hofrman - La 

Roche (Grenzaah) process was similar in principle to the syntheses 

of Rosenmund et al. and ManniCh and Walther (ct. p. 8). No 

yields or reaction details are available for the Knoll and Hoff­

man - La Roche syntheses but they probably could compete with 

the Merck method where an over-all yield or 16% was obtainable. 

T.he final German synthesis outlined in the B.r.o.s. 

reports is that whiah was employed in the C.H. Boehringer plant 

•t Nieder-Ingelheim. Here veratraldehyde (XVII) was condensed 



Meo~ CHO 
MeO~ 

ill! 

MeOO/ œ2œ 
MeO~ 

XXVI -

KCN 7' KOH 
EtOH 

MeOo~ CH=ŒN02 Meoo· 
1 
/CH~CH2 

CH3 N02 Zn )'" \ 
7 MeO ~ 5% MeO ~ NH2 

HgC12 

XVII -
XII -XVIII 

Meoo· /CH~CH 
1 \ 2 

MeO ~ O /NR 
~ .:oc 

~ ~ POC13 

' CH2 r2 
OOMo 

OMe OMe 

XIII XIV --

;> MeOO/ CH2-COOH 
MeO~ 

XXVII 

+ XXVII deca.lin 

OM• 

v -
1-' 

t 

-7 

'. 



with hippuric acid (XXVIII) in the presence of sodium acetate and 

acetic anhydride to give the corresponding azlactone (XXIX) in 

lOO% yield. Atter hydrolysis of the azlactone with one mole of 

hydrochloric acid, the product (XXX) was condensed at 120°C. with 

lime to give N-(homoveratroyl-)œ-amino-~-veratrylpropionic acid 

(XXXI) in 60% yield. Ring closure of the ethyl ester of this 

acid with phosphorus oxychloride, tollowed by alkaline hydrolysis, 

decarboxylation and dehydrogenation with palladium black in tetra­

lin gave the desired papaverine (V). No yields in the tinal 

steps were mentioned. 

0 ,, 
:MeOOJ CHO 2 + 2 
MeO~ 0

/c,NH 

f2 
COOH 

XVII XXVIII -

2 l ""'-o :Meool CH=c -c=o 

Me: N=Co HCl 
1 mole ~ 

2 M•OO/CH=r-00-QOH . lim• 

MeO HN -~ ~ ;} --:1~2-::0-::-0-:;> 

··•···•·· 



XXXI -

OOH 

#N OMe 

CH200Me 
XXXII 

Szntheses of Papaverine Analogues 

(l) esteri.fy 
(2) POCla 
(3) NaOH (aq.) 

16. 

Many analogues of papaverine have been prepared during 

the fifty-year period in whiCh synthetic studies in this field 

have been conducted. It is interesting to note, however, that 

these related compounds were obtained in every case by ring 

elosure of the same types or basic structures sueeesstully used 
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L 
in the syntheses of papa~erin~ itselr. (cf. p. 5). Thus Slotta 

and Haber1and (18) and Sugasawa (19) prepared various 1-aryl iso­

quinolines by condensation of ~-arylethylamines and alkoxybenzoic 

acids, followed by ring closure and dehydrogenation in the usual 

way. Sugasawa and Sakurai (20) synthesized 1-(3•,4•-methylene­

dioxybenzyl )-3-methyl-6, 7-methylenedioxyisoquinoline (XXXIII) b7 

condensation of the appropriate ~-aryl-a-methylethylamine under 

the same conditions. In a like manner, the fifteen possible 

ethoxymethoxy isomers of papaverine substituted in the 3', 4', 

6! and T positions were prepared by Shepard and Noth (21); 

Tsatsas (22) also synthesized l-(2•,3•-dimethoxybenzyl)-6,7-
n 

dimethoxyiaoquinoline (XXXIV); Kubiczek and Spath ( 23) l-:(·2 1 ,3 •-

dimethoxybenzyl)-5,6-dimethoxyisoquinolfne (XXXV); and Noller 

and Azima (24) l-(~-aethylenepyridyl)-6,7-meth,-lenedioxyisoquino­

line (XXXVI) b7 the same general route. 

XXXIII XXXIV 



l.S. 

MeO 

MeO .,..,.....o 
,,_ 

~0 '1 

ÔOMe 
OMe ô 

~ XXXVI 

Redel and Bouteville (25) in 1949 prepared methyl 

papaverine-3-carboxylate and other esters in a manner quite 

similar to the process reported tor the c.H. Boehringer plant 

at Nieder-Ingelheim (cf. PP• 13, 15, 16). The synthesis ot 

(XXXIII) and the corresponding 1-phenyl derivative was aocom­

plished by Keima tsu ( 26) using the method ot Mannich and Wal­

ther {11), while Rosenmund {27) obtained~l-pheny1isoquinoline 

(XXXVIII) by the ring closure ot~ -benzamidostyrene (XXXVII) 

with specially prepared alumina: 

o-CH=Œ-Br 

+ NH2 
1 
c=o 

o:
CH, 

'CH 

'c)m 
---7 

XXXVII XXXVIII 
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Two interesting syntheses of papaverine analogues were 

pertormed by Robinson and Sugasawa (28) and Clemo and Turnbull 

(29). The usual condensations of amine and acid (or acid Chlor­

ide) followed by ring closure were carried out, but in both cases 

the vanillin hydroxyl group was initially protected by a group 

WhiCh was later remoTed. The former prepared 1-(3'-methoxy-4 1 -

hydroxybenzyl)-2-methyl-6-methoxy-7-hydroxy-1,2,3,4-tetrahydro­

isoquinoline (XLI), using the benzyl ether of vanillin as a 

starting material for XXXIX. After ring closure, methylation or 
the amide nitrogen, and reduction, cleavage of the ben~l ether 

units from XL yielded the phenolic derivative (XLI). 

Pt 
----~ 

H2 

0 

~2 

0 XXXIX 

---------- --- -----



XL -

A.cOH 
HCl 

_ _:.10~0::.,..0 ___ :::> 

20. 

XLI -

The latter workers used the benzoyl derivative of vanillin to 

synthesize a-methyl-~-(3-methoxy-•·benzoylhydroxyphenyl)ethyl­

amine. The condensation product of this amine and homoveratrio 

acid was ring closed with phosphorus oxyehloride, dehydrogenated 

and hydrolyzed to give 1-veratryl-3-methyl-6-methoxy-7-hydroxy­

isoquinoline (XLII). As one might expect, the introduction ot 

XLII -
a different protecting group on the vanillin hydro.xyl had no 

apparent etfect on the directive influences involved in the 

ring clos~e of the inter.mediate &aide. No evidence was found 



.. 

; . ' 
•:· ~.) 
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in this work, or ror that matter in any of the other papaverine-

type syntheses, that isoquinolines substituted in the 7,8 posi­

tions rather than the 6,7 positions oould be obtained by varying 

substituents in this method of ring synthesis • 

Related Studies on Isoquinoline Szntheses 

An examination of the structure of papaverine might 

suggest that other approaches to the problem ot synthesis would 

ofter some promise of success. It appears evident that two 

phenyl nuclei, appropriately substituted with methoxyl groups, 

must be initially present and that ring olosure somewhere else 

in the nitrogen cycle would provide the only hope ot variation 

in the method of synthesis. One suoh attempt to complete the 

isoquinoline ring was quite novel, but also quite unsucoesstul. 

Ket:t'ort ( 30) hoped to condense 2-cyano-3 ,4-dimetho:xy- J -bromo­

styrene (XLIII) with vepatryl magnesium bromide, and thus to ob­

tain papaverine (V). 

MeOO~ CH.:.Cil-Br + MeO ,# C=N 

XLIII 

O:Me BrlfgCHO Olle 

+ MgBr2 
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However, he obtained the nitrile only in very low yield and was 

unable to prepare the Grignard reagent at all. 

A final variation on the point at whiCh ring closure is 

to be effected in the nitrogen cycle would ooour in the intra­

moleeular condensation of a compound with the skeleton (XLXV): 

XLIV -
!be work of Pomeranz (31) suggested the feasibility of auCh an 

attempt. He showed that ring elosure, with coneentrated sultu­

ric acid, of the SChiff base of benzaldehyde and aminoaoetal 

gave rise to a 50% yield of isoquinoline, and he outlined the 

possibility of preparing papaverine from the corresponding 

Sehiff base of desoxyveratroin. It ramained for FritsCh (32), 

in the first reported attempt at the synthasis of papaTerine, 

to prepare the SChiff base of desoxyveratroin and aminoaoetal 

by condensation at 200°0. This base, an undefined oil, on sub­

sequent ring elosure in 80~ sulfuric acid at room temperature 

gave only a very low yield of a yellow compound melting at 

l63°C., or 15°0. higner than papaverine, but with nearly the 

aame elementary analysis. (Cale. for C20H2104N: c, 70.8; 

.1 



H, 6.2; N, 4·.1%; Found: C, 70.7; H, 6.4; N, 4· .. s~) On the 

basis of these unsatisfactory analytical resulta, FritsCh 

claimed the compound was isomerie wi th papaverine, but no rur­
ther work was undertaken to establish the structure of this so­

called isomer. FritsCh did extend, however, the scope of the 

Pomeranz isoquinoline synthesis to include 7-alkoxyisoquinolinea 

and 6,7-methylenedioxyisoquinoline. He also showed that deriva­

tives of meta alkoxybenzaldehyde gave rise to only 7-alkoXJiso­

quinolines and that the ortho or para isomers gave no identi­

fiable produets. 

Further work by Woodward and Doering ( 33) and Manske 

and Kulka (34) in later years have extended the applicability 

of this method still more. Of note in this respect is the 

relative ease with whieh aminoacetal condenses with substituted 

benzaldehydes to give the SChiff base, and the rather good yielda 

of the corresponding isoquinolines obtained on ring closure of 

the compounds cited. In particular, Woodward and Doering pre­

pared 7-hydroxyisoquinoline from m-hydroxybenzaldehyde, while 

Manske and Kulka s,rnthesized 7-hydroxy-8-ehloroisoquinoline 

from 2-Chloro-3-hydro~benzaldehyde. Equal amounts of 5- and 

7-chloroisoquinoline were produced from m-chlorobenzaldehyde, 

by an indifferent ring closure in the 2 as well as the 5 position 

in the benzene ring. 

Other failures, in addition to the Fritsch attempt to 

synthesize papaverine, have been recorded tor the Pomeranz method. 

Perkin and Robinson (35) got only a trace of the isoquinoline at-
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ter ring closure or the SChirf base obbained in good yield by 

condensation of 2,3-dimethoxybenzaldehyde with aminoacetal. 

Staub (36) in an extensive survey of various possibilities oon­

cluded that ring closure could only occur if the side Chain ·con­

tained eonjugated (or potentially conjugated) double bonds and 

also an hydroxyl or alkoxyl group ~ to the nitrogen atom. No 

attampt was made to correlate the effect of substituents in the 

benzene ring. This task would appear to be impossible since ob­

vious anomalies may be round. As an example, one only need quote 

the tailure of FritsCh to obtain an isoquinoline from the SChifr 

base of desoxyveratroin and aminoacetal, while he obtained an 

excellent yield of the isoquinoline from the Sehiff base of 3,­

•-aethylene-dioxybenzaldehyde and aminoacetal. It is difficult 

to imagine how the presence of a veratryl group on the aide Chain 

ot the SChitt base could have auCh a protound etfect on the re­

action. Apart from the failure with the desoxyveratroin Schitt 

base, a successtul ring elosure would appear to follow only with 

the SChitt base of an unsubstituted benzaldehyde, or a meta 

hydroxy-, alkoxy- or ehlorobenzaldehyde, or a 3 ,4-dialkoxy- , 

or 2-enloro-3-hydroxy- or alkoxybenzaldehyde. 

A related, but more liœited, isoquinoline synthesis 
n n 

was devised by Rugneimer and Senon (37), in whiCh the hydrogenated 

Sehitf bases ot certain aryl aldehydes were cyclized with arsenic 

pentoxide in strong sulturic acid. As an example, one may cite 

the prepara ti on of 6, 7-dillletho:xyisoquinoline in 50~ yield from 

N-veratrylaminoacetal. On the basis of this observation, Allea 
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and Buck (38) undertook the preparation of papaverine. ~e7 

heated bromoacetal and 3 1 4,3•,4•-tetramethoxydesylamine (XLV) 

to 150°0., treated the brown oil which they assumed to be XLVI 

with arsenic pento:xide in eoneentrated sulf'uric acid, and hoped 

tbat the reaction would follow the course outlined througb XLVI 

to give '1. 

+ _ __.;:;;1;,.;.5..;..0_° C;;..·. -i?' 

Unfortunately they obtained no identified products. No other con­

densing agents were employed and no attempt was made to charac­

terize the intermediate oil 1n the series. On the basis of this 

scanty evidence they concluded that the method oftered no fur-

ther promise of a papaverine synthesis. !here is, however, 

graye doubt that the 1ntemed1ate amine would actually be ob-
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tained under the conditions they employed in the condensation 

and therefore the conclusion is unjustified that ring closure 

ot this compound would be unsucces sful. 

It is nevertheless true that other investigators haYe 
n 

failed in the application of the Rughefmer method to the syn-

thesis of certain isoquinoline derivatives. or note is the 

work of Young and Robinson (13) who conclude that compounds of 

type XLVII condense veey easily, while compounds of type IL VIII 

are very difticult, it not in most cases impossible, to condense. 

XLVII XLVIII 

As an example of the diftieulty ot condensing type XLVIII com­

pounds, they quote the very low yields obtained on ring closure 

of piperonyl-methylaminodiethylacetal (XLIX) or piperonylmethyl­

amino- w -acetophenone (L): 
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using sueh condensing systems as 80% sulturie acid saturated 

with hydrogen chloride, phosphorus pentoxide or oxyChloride 

in toluene or benzene, concentrated hydroChloric acid alone or 

witb acetie acid, 10~ hydroChloric acid, anhydrous oxalie acid, 

and acetic anhydride - aulfuric aeid. The fact that these 

saturated side Chain eampounds were round to be difficultly 

eondensed agreed well witb the observations of Staub on the 

unsubstituted phenyl derivatives {p. 24) and strengthens the 

" conclusion that the Rugbeimer method encompasses only a very 

narrow range of applicability. 
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DISCUSSION OF RESULTS 

Previous synthetic work on papaverine le~t little 

to be desired as far as the preparation and condensation of 

acylaminoethane derivatives are concer.ned. Attempts, how-

ever, to prepare papaverine by closure of the isoquinoline 

ring in an alternative position have been singularly unproduct­

ive. In partioular, ane mignt recall the unsuccesstul and quite 

incomplete work ot FritsCh (32) and Allen and Buck (38) out­

lined previously. Many questions in this work were left un­

answered and it was felt that a re-examination of this alter­

native route to papaverine would not be amiss. 

Preliminary Preparations 

Many methode are recorded tor the preparation of 

desoxybenzoins. Among these are the reduction of benzila (38, 

39), the reduction of benzoins (40, 41, 42, 43, 44) tne reaction 

of benzamides with benzyl magnesium eblorides (45), the conden­

sation of phenylaoetyl ohlorides with aramatic hydrocarbons un­

der the influence of aluminum triChloride (46), and finally, 

the reaction of tolans with ethyl mercaptan tollowed by hydroly­

sis ot the dithioketal with 25~hydroehloric acid (32). !ne 

method of Kubiczek ( 44) was chosen to prepare desoxyvera troin, 

3,3•-d~ethoxy-4,4•-dibenzyloxydesoxybenzoin, and desoxybenzoin, 

since gpod supplies ot methyl vanillin, benzyl vanillin, and 

benzoin itself, were readily available. In the former cases, a 



simple benzoin condensation of veratraldehyde or a-benzyl 

vanillin in the presence of potassium cyanide, followed by re­

duction with zinc and acetic acid, was sutficient while in the 

latter case reduction only was necessary. 

The crude veratroin from the initial condensation was 

purified by precipitation from ether into petroleua ether prior 

to reduction. The observation of FritsCh (32) that desoxyvera­

troin and veratril could not be separated from one another by 

crystallization was confirmed. Girard•s reagent (47), however, 

was tound to be an excellent means of obtaining pure desoxyvera­

troin, uncontaminated with other reduction products and veratril. 

Here desoxyveratroin alone reacted with the ditunctional "T" rea­

gent to give a water soluble carbonyl derivative stable at pH 

7.0. Atter removal of the water insoluble fraction with ben­

zene, acidification of the aqueous solution to pH 1.0 decamposed 

the derivative and precipitated pure desoxy?eratroin. 

The low yield of B% ot theory was at tirst attr1buted 

to exeessiYe loss of veratroin during the petroleum ether preci­

pitation, where Kubiczek found that only a 25% yield of vera­

trein could be obtained. A 50% y1eld was reported when the puri­

fication was earried out by alumina Chramatography and in both 

cases the veratroin eould be reduced quantitatively to desoxyvera­

troin. When however the ether extract of the present reaction 

mixture was evaporated under n1trogen and the residual oil was 

reduced with a large excess of zinc dust, the h1ghest over-all 

yield of pure desoxyveratroin was only 18%, and that of the 



benzyl analogue 28~. Other investigators (48) also tound that 

suCh zinc dust reductions were otten capricious and dependea 

markedly on the grade of dust emplo,red. The attribution ot 

the low yields to this factor, and not to the veratraldehyde 

condensation was supported by the low (41%) yield of pure desoxy­

benzoin obtained when crystalline benzoin was reduced under the 

same conditions. 

As Allen and Buck (38) showed 1 a yield ot approximately 

70% ot desoxyveratroin oxime was obtained by using hydroxylamine 

hydroChloride 1n pyridine at 100°0. Present expertœenta showed 

however that the yield could be increased to lOO% at room t.m­

perature by prolonged stirring of a slurry of desoxyveratroin 

in 80% ethanol containing a tive molar exeess ot hydroxylamine 

bydrochloride buttered with sodium acetate to pH s.o. Pure 

desoxyveratroin oxime was readily recovered by partial evapora­

tion of the solution after 2 or 3 days' time. The inereased 

yield was no doubt due to the elimination of decomposition and 

oxidation in hot pyridine solutions. While desoxyveratroin 

readily tormed the oxime in aqueous ethanol, the corre~onding 

benzyl derivative was completely inert. This mischance might 

be attributed, in part at least, to the complete insolub111ty 

of the benzyl derivative in ethanol. The oxime ot this com­

pound was readily prepared in 85~ yield with pyridine and 

hydroxylamine hydroehloride at 100°0. 

The reduction ot desox.yveratroin oxtme over Baney 

nickel in an ethanol - aeetic aeid solvent at 1300 p.s.i. and 
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80-100°0. gave 70% of 3,4,3• ,4•-tetramethoxydesylamine (XLV). 

This method appeared more convenient than the reduction with 

sodium amalgam and acetic acid in ethanol employed by Allen and 

Buck (38) who reported a crude yield of 7&% et theory. One or 

more recrystallizations tram water were necessary to bring their 

product to a comparable state of purity. 

Most of the chloroacetal was obtained from the East­

man Kodak Co., but the earlier supply was deri?ed from a 40-45~ 

aqueous solution of chloroacetaldehyde obtained from the Dww 

Chemical Co. The chloroacetaldehyde was salted out of this solu­

tion by saturation with ammonium nitrate and sulfate, and the 

ether extract, atter thorough drying over calcium sulfate, was 

evaporated. According to Natterer (49) chloroacetaldehyde could 

be converted to Chloroacetal in the presence of a calcium chlor­

ide catalyst and a very large excess of ethanol. He ramarked 

that the reaction was quite slow but failed to include pertinent 

experimental details or his yield. With this information as a 

guide, the present procedure, involving the eontinuous removal 

ot water tor.med during condensation, by slow azeotrop~e distilla­

tion with benzene, gave a 30% yield of Chloroacetal and was con­

sidered satistactory. 

The conversion of chloroacetal to aminoaeetal ma,- be 

brought about witb liquid ammonia at 130°0. (50); aqueous ammo­

nia at 130°C. (51); ethanolic or methanolio ammonia at 115 to 

140°C. (33, 52, 53); and aqueous ethanolie ammonia, ammonium car­

bonate at 115°C. catalyzed witn potassium iodide (54). !he latter 
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procedure of RiChmond and Wright (54)~ although giving sameWhat 

lower yields than the high temperature alcOhol-ammonia systems 

(viz. 33~ 53)~ was employed throughout since it was the most 

easily adapted to the equipment at hand. Yields comparable 

with the 30-35% reported by RiChmond and Wright were obtained 

1n the conversion of Chloroacetal~ but the substitution of bro­

moaeetal in equivalent amounts lowered the yield to 11-14% of 

theory. The use of a 12-hour reaction time at l40°C.~ or 27 

hours at 120°C., did not markedly affect the yield in the bramo­

acetal reaction. The lowered yield was not difficult to under­

stand, since bramoacetal 1n ethanolic ammonia gave only 35~ of 

aminoacetal (53), in contrast with the 70% yield obtained from 

cbloroacetal in methanolic ammonia {33). 

Condensation of Deso~veratroin 
and Aminoacetal 

fhe attempt made by FritsCh (32) to prepare papaverine 

from the SChitf base ot desoxyveratroin and aminoacetal was out­

lined in a previous section. On prel~inary examination it would 

appear that the conditions used to prepare the SChiff base were 

unnecessarily severe, since many instances were cited in the 

Introduction to ahow the relative ease with which aminoaeetal 

eondensed with arylaldehydes. As already noted~ desoxyveratroin 

oxime also formed readily. Althougn the oil obtained by FritsCh 

analyzed fairly well for the expected SOhiff base (LII), (cal­

culated for C24ff33o6N: C, 66.9; H, 7.67; N, 3.25%; POund: 

c, 65.5; H, 7.3; N, 3.2%}, no further substantiation of its 

structure was undertaken beyond the observation that hydrolysis 
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in moist air reoovered same desoxyveratroin and aminoaeetal. 

Sinee quantitative data and experimental detail were not quoted, 

the observation mignt have been oaused by a hign peroentage of 

unreaoted material in the product. 

~e resulta of various attempts to bring about this 

condensation {Table I) were negative except in the final case, 

1n which the water formed was eontinuously distilled away from 

the reaction zone rather than being returned by reflux. T.he 

possible partial condensation obtained in this example was no 

doubt due to the eontinuous re.moval of water and the rather 

high temperature, sinee the parallel experiment at 100° {Table I, 

run 9) was negative. 

In another trial a mixture of desoxyveratroin and a 

tour molar exeess of aDinoacetal was slowly distilled, at at­

mospheric pressure and under nitrogen, over a one-hour period. 

!he temperature of the pot residue rose steadily from 160°C. 

to 245°C. and an almost theoretical recovery of the excess 

aminoacetal was round in the distillate. Hydrogenation of tne 

oily pot residue, in ethanol over Raney nickel at 1300 p.s.i. 

and 80 to 100°C., gave an over-all yield of 61~ of N-(3,4,3•,4•­

tetramethoxydesyl)-am~·n~aeetal {XLVI) crystallizing in fine, 

white, felted needles and melting at 69.6-70.0°C. T-his sub­

stance was identified by elemental analysis and, in partieular, 

by an alkoxyl deter.mination. If a 70~ yield (siœilar to that 

obtained on the hydrogenation of desoxyveratroin oxime) is 

assumed, then the yield of Sohiff base {LII) from the condensa-
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MeO ·~-C=N-CH2 

Jm(oEt)2 
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XLVI 



Run 

1 
:2: 
3 
4 
5 
6 

7 
s(b) 

9 
lo(c) 

Sol vent 

Ethanol 
" 
" 
" "' n 

TABLE I 

Unsuccesstul Attempts to Condense 
Desoxzveratroin and Aminoaeetal (a) 

Reeovery 
0~ 

desoxy-
Temp. Time veratroin 

catalyst (oc.) (hrs. l ( %> 

none 20 168 100 
" 80 30 lOO 

trace A cOR 20 168 lOO 
" 80 30 lOO 

5 cc. Acœ 20 168 lOO 
" 80 30 lOO 

Pyridine trace Na OH 115 18 79 

" HCl 115 9 71 

none none lOO 6 lOO 
• ft 150-160 4 92 

(a) Moles o~ desoxyveratroin and amino-
acetal both 0.0069 unless other-
wise s ta ted. 

(b) Desoxyveratroin 0.0026 mole, ami no-
acetal 0.007 mole. 

( c) Desox.yveratroin 0.079 mole, ami no-
acetal 0.36 mole. 

35. 

; 

Other products ,. 

11% veratril 
4% •. 

16% veratric a cid 

1% veratril 
20% by weight of 

red gum. 

.. 



tion would be 61/0.7 or of the order of 85-90% based on the 

desoxyveratroin employed. The recovery of unChanged desoxy­

veratroin from the non-basic fraction of the product was 9~, 

and in addition there was 6-7% of a nitrogen-free solid believed 

to be a mixture of desoxyveratroin reduction products. This 

evidence, and the nearly quantitative recovery of excess amino-

acetal, suggests that an 85% yield of the desired Sahitf base 

was obtained, but only at temperatures in the region of 200°C. 

All attempts to isolate and crystallize the pure SChiff base 

have tailed. 

Th.ere can be no doubt tha t the tempera ture and lm­

known catalytic effeots had a marked influence on the yield of 

the Schiff base from this condensation. In later repetitions 

of the run discussed above, it was impossible to obtain the 

hydrogenated Sahiff base 1n yields above 25%; and, indeed, when 

the temperature was maintained at 245°C. for a prolonged ttme, 

the SChiff base would appear to have been completely destroyed. 

Reaction of Haloacetals with. 
3,4,3•,4•-Tetramethoxzdesylamine 

In an attempt to prepare N-(3,4 1 3',4'-tetramethoxy­

desyl)-aminoacetal (XLVI) by the condensation of bromoacetal 

and 3,4,~•,4•-tetramethoxydesylamine (XLV) at 145°0., Allen and 

Buck (38) obtained only a red oil whiah was not anaracterized. 

When ahloroacetal was heated under reflux in xylene with the 

desylamine, a 35% recovery of the latter was etfected and no 

other acid-soluble compound was round. If' the expected eoçound 
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had indeed been produoed it would have appeared in the acid 

soluble fraction. 

The present work ahowed that a condensation of bromo-

acetal with the desylamine in benzene, at roam temperature, gave 

rise to a 60% recovery of the latter, together with a 19% yield 

of an acid insoluble, amorphous compound decamposing at 237°C. 

The compound was insoluble in all solvents except pyridine; did 

not contain halogen, and contained only a trace of nitrogen. 

Murih lower methoxyl and carbon values than those usual in this 

series of compounds left the possible structure mueh in doubt. 

The beat empirieal for.mula was C16H22011, but this formula, 

derived from carbon and hydrogen values, eould not be eorrelated 

with the methoxyl value. Thus it appeared that at 20°C. or 

135°0. the condensation of haloaeetals with 3,4,3',4'-tetra­

methoxydesylamine did not produee the hydrogenated SChitf base 

(XLVI) desired. 

Ring Closure of the SChiff Base 
Derived from Desoxyveratroin 
and Aminoaeetal 

Once the identity of the condensation product of desoxy­

veratroin and aainoacetal had been eontirmed as the Sehiff base 

LII, the next task was to bring about a Pomeranz ring closure 

{cf. P• 2~). When an intramoleeular condensation of the SOhift 

base (LII) in phosphorus pentoxide - coneentrated sulturie acid, 

in 80% sulfurie acid, or in eoncentrated sulturic acid was at­

tempted, the only product identified in the earlier experiaents 

was the yellow crystalline base, m.p. 163°C., already reported 
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by FritsCh {32). All three condensing media were of nearl~ 

equal ef~iciency and a purified yield of 20% of theory {based 

on desoxyveratroin) was realized. Similar yields of 18-22~ 

were obtained ~or reaction times ranging from 15 to 40 hours 

in 83% sulfuric acid. One of the latter condensations in 83% 

sulfuric acid was carried out employing a SChif~ base prepara­

tion from whieh an aliquot had been removed and hydrogenated 

to give pure, crystalline N-(3 1 4,3•,4•-tetramethoxydesyl)­

aminoaeetal (XLVI). Sinee the yield of the latter compound 

was only 22.5~, it was reasanable to assume, as be~ore, that 

the yield of the SChiff base would be no greater than 22.5/0.7 1 

or 32~. This estimate suggested that tbe intramolecular conden­

sation of the SChiff base in 83% sulfuric acid proceeded quite 

smoothly to give a yield, in this one step, of 18 to 22 x lOO 32-_ 
or at least 70% of theory; and that the low over-all yield must 

be attributed to the initial condensation of desoxyveratroin and 

aminoaeetal. 

Examination of the brown residues !'rom this prepara-

tion revealed that papaverine, too, was for.med in very low yield. 

This base was isolated by digestion of the brown solids with 

petroleum ether to extract a yellow-white solid. A fortuitous 

separation of papaverine from the yellow base in this mixture 

was effected on an alumina column, using benzene whiCh had been 

previously dried oTer calcium chloride as an eluant. Under tbese 

conditions, papaverine was retained on the column, while the 

yellow base was washed tbrough. The papaverine was adequa tely 



identified by analyses and mixed melting point determinations. 

A 1.1% over-all yield of papaverine, or at least a 3.5%yield 

from the Schiff base, was obtained in 83% sulfuric acid. '!hus 

it would appear that about 20 moles of the yellow base were 

for.med tor avery mole ot papaverine. 

Repeated erystallization fr~ ethanol raised the melt­

ing point of the persistently yellow base to 165°0. Uhlike 

substituted isoquinolines of the papaverine type, the hydrochlor­

ide of this base (melting point 212°0.) was only sparingly soluble 

in water, was aomewhat unstable, and furtherm.ore was deep orange 

in color. Molecular weight determina ti ons and analyses of the 

free base and its hydrochloride left no doubt that the compound 

was an isomer of papaverine, C15H9N(OCH3)4• 

Infra red absorption studies in Nujol mulla. very kind­

ly carried out by Mr. A.W. Pross at the laboratories of Canadian 

Industries Ltd., McMasterville, Que., on papaverine, the yellow 

isomer C2dff2104N, and the compound C2oH2304N to be discussed 

later, disclosed the .f'ollowing points: 

n Benzene may be triply substituted in the .f'ollowing 

ways: symmetrical, vicinal, unsymmetrical. These ring 

systems give rise to specifie b~nds which are sutficient­

ly spaced to make di.f'ferentiation possible. The evidence 

is definitely in favour of the presence of an unsymmetrical 

trisubstituted benzene ring in the yellow base C2QH21o4x, 
further confirmation being provided by the presence of two 

verry close bands at 805-810 Cll-l, which would be expeeted 



from two sucll. systems in the same molecule. The spec­

trum of' papaverine, on the other hand, ahows the pres­

ence of only one auch band in this region. 

The N-H band is absent from the spectrum, 

whereas the spectrum of' pyrrole shows it strongly. There 

are strong similarities between the spectrum of this 

base, C2oH21 0~ 1 and pyrrole, so mueh so tha t i.f the N-H 

band had been present it would be reasonably certain 

that the base contained a pyrrole ring. It appears there­

fore that a five-membered pyrrole-type ring may still be 

present but arranged in such a way that the N-H group 

is absent. 

If this compound contained a five-me.mbered ring 

in which nitrogen is present, but no N-H group;, the spec­

trum should show the N=C band. !mines, e.g. pyrrole, 

show not on1y the N-H stretching trequency, but two fur­

thar bands; a strong band at 1625-1690 cm-1 and a medium 

band at 1500-1590 cm-1. Substituted !mines show a single 

band in this region at 1600-1660 cm·l. In the base, 

C2oH2104N 1 the strong band at 1625-1690 is absent but 

there is a band sufficiently close i.e., at 1566 cm-1, 

that can be attributed to N=C. This is additional evi­

dence for an tmine formulation of' a pyrrole ring system.w 

Support for these observations was round in the ab­

sence of active hydrogen in a Zerewitno.f.f determination; the 

inability to prepare acetyl, benzoyl, or methyl iodide deriva-

·, ..... ~ 
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tives of .the compound; the ease of reduction to a mixture of 

colorless secondary amines; the yellow color of the base; and 

the orange color, insolubility and instability of the base 

hydroChloride. All this evidence suggested that the predominant 

course taken by the ring closure of the SChiff base (Lili), was 

the hydrolysis of the acetal lmi t to a free aldehyde, which then 

condensed with the reactive methylene carbon atom of the benzyl 

group. The yellow base, c2oH21o4N, would then be 2,3-di{3,4-

dimethoxyphenyl}-5-pyrrolenine (LIV). The isomerie papaverine 

(V) was produced in minor yield by the condensation of the al­

dehyde with the reactive carbon atom in the sixth position of 

the veratryl nucleus: 

OMe 

Lili -
•••• 



4:2. 

MeO MeoQc CH 

+ ~1 
hN OMe 

CH200J1e 

LIV v -
yd. = 70% yd. = 3.5% 

By condenstng desoxybenzoin and aminoacetal, and by 

the ring elosure o~ the resulting oil, it was hoped tc prepare 

the simpler diphenyl analogue of the papaverine isomer just 

diseussed. Only a brown amorphous material, which was insolu­

ble in dilute acids, and most organic solvents, was obtained. 

This failure was probably not caused by lack ot condensation 

o~ the deso.xybenzoin and aminoacetal, since the theoretical 

amount of aminoacetal was consumed in the reaction. However, 

the resul ting Schif'f base migb.t have be en more easily deco•­

posed than the corresponding metho.xylated derivative, which was 

stable unless the tempera ture dur:1ng the preparation was main­

tain ad at 245°0. for prolonged periods of t1me. 

Ring Closure of the Hydrogenated Schiff 
Base Derived from Desoxyveratroin 
and Aminoacetal 

" When Allen and Buck attempted a Rugneimer ~thesie 

of papaverine (cf. p. 25) they assumed that the brown oil ob-
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tained on condensation of bromoacetal and 3,4,3•,4•-tetra­

methoxydesylamine (XLV) contained the secondary amine N-(3,4,3', 

4•-tetramethoxydesyl)-aminoacetal (XLVI). In an earlier section 

of this thesis (cf. pp. 36, 37) it was shown that in all likeli-

hood none of this material was present at all in the products 

of their reaction. In the present experimenta, the same com-

pound, dari ved in crystalline form by hydrogena ti on of the 

Schiff base of desoxyveratroin and aminoacetal, when subjected 

" to the conditions of a Rugneimer synthesis, yie1ded up to 56% 

of a white crysta11ine so1id analyzing as dihydropapaverine, 

C20H2304N, but melting at 156°0. 

The ease of formation of an acetyl derivative from 

this new substance indicated the presence of a secondary amine­

group. Two compounds, also analyzing for C2oH2304N, whiah 

need not be considered were pavine (LV) melting at 201°C. (55) 

and 1,2-dihydropapaverine {XXII) whiCh melts at 97°C. {56) and 

has no active hydrogen. The possibility of the compound being 

a crystal1ine form of 3,4-dihydropapaverine (XIV) cou1d not be 

exe1uded, but three groups of investigators (7, 8, 9) found 

this derivative to be an oi1 disti1ling at 200°C. and 0.001 mm. 

pressure. The two most like1y structures for the compound would 

seem to be LVI or LVII: 
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By analogy with the work reported for the ring closure of the 

unhydrogenated Sehiff base, the pyrroline formulation (LVII) 

was preferred to that of the dihydroisoquinoline (LVI). This 

for.mulation was also favored by Mr. Pross whose infra red stud­

ies were extended to this caœpound. His report states: 

n !he overall pattern of the speetrum tavours 

a structure similar to LIV, i.e. indicative ot LVII. 



The spectrum of this compound also showed a double band 

at 799-808 cm-1, where a band due to an unsymmetrical 

benzene ring absorba. By similar reasoning to that put 

forward for the former compound therefore, it would seem 

that the molecule has two substituted benzene rings. 

The N-H stretChing frequency was present in the spectrum 

confirming the Chemical evidence for a readily replaceable 

hydrogen atom in the molecule. The infra red evidence is 

therefore in favour of LVII.• 

Finally, the complete destruction of this compound when attempts 

were made at dehydrogenation under conditions suitable for di­

hydroisoquinolines, argued against the structure (LVI). All 

the available evidence, therefore, suggested that the compound 

C2oH2304N, melting point 156°0., was 2,3-di(3,4-dimethoxyphenyl) 

-~3-pyrroline (LVII). 

Table II summarizes some experimenta which had the 

object of finding the minimum conditions for acid being used 

without the addition of arsenic pentoxide. If the very reason­

able assumptions were made that failure to recover the starting 

material corresponded to an initial hydrolysis of the acetal 

grouping, and failure to isolate LVII meant that the condensa­

tion of the free aldehyde had not occurred, it appeared that 

sulfuric acid from a strength of 20% up to 65% was capable of 

hydrolyzing the hydrogenated Schiff base, but was unable to 

cyclize the resulting aldehyde to an identifiable product. 

The acid caused only a slow hydrolysis, since 15% of the origin-
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TABLE II 

Treatment of the Hydrogenated Schiff' Base(a) of' 
Desoxyveratroin and Aminoacetal with 20-83% Sulfuric Acid(b) 

Sulturic Acid 02oH2304N 

(cc.) 

2.5 
3.0 
3.5 

s.o 
7.5 

15.0 

Yield .w. ( %> Other Produets 

83 o.o 10% by weignt of yellow gum 
75 6.4 do 
65 o.o do 

50 o.o do 
35 o.o do 
20 o.o 10% by weight of' yellow gum 

plus 15% reeoYery of 
starting material 

(a) The crystalline base, 0.00046 mole, was 
used in each case. 

(b) For 17 hours at 20°0. in each case. 

al base could be recovered after 17 hours in 20% sulfuric aoid. 

As the acid strength increased to 75%, a low yield of' C2QH23o4w 

was obtained, and at 83% no identifiable product was again to 

be found after 17 hours. T.hus, at sulf'uric acid concentrations 

of about 75%, and higher, hydrolysis and ring closure took place 

but prolonged exposure of the product to the acid occasioned 

subsequent decomposition. 

The rate at whioh the hydrolysis occurred in 37% hy­

droChlorie acid at 20°0. was more closely studied by estimating 

the liberated ethanol with the resulte round in Table III. Here 
• 
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TABLE III 

Treatment of the Hydrogenated Scniff Base of Desoxyveratfoin 
and Aminoacetal with Coneentrated Htdrochloric Aeid(aJ 

Time 
(hrs. ) 

o.s 
3.0 
6.0 

2f& 
51 

(a) 

Ratio or the Ethanol Found to 
!hat Calculated for Complete Htdrolysis 

0.14 
0.71 
0.98 
1.oo 
0.99 

T.he base, o.o2 gœ., was dissolved in 
1 cc. of the acid at 20°0. in eaen 
case. 

hydrolysis was complete atter six hours• time. None or the 

pyrroline compound, C2QH23o4N, was isolated in these reactions 

but the colorless gum that was preoipitated when the solution 

was made alkaline did not exhibit any evidence for a free car­

bonyl group. It must be 1magined that condensations involving 

the earbonyl group, but other than the expected ring closure, 

took place in the concentrated acid. 

Attempts to prepare the free aldehyde of the hydro­

genated SChirr base by conversion first to the thioacetal, fol­

lowed by neutral hydrolysis with mercurio Chloride and cadmium 

carbonate, led to ineonclusive and eontlicting resulta (see, 

Experimental pp. 73-75). To afford support, then, for the 

above conclusions reeourse was made to direct hydrolysis of 
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the acetal in dilute (2N) hydroehloric aoid at 100°C. when 92~ 

of the ethanol theoretically possible was liberated after 7 

hours. The produot set free when the solution was made alkal!ne 

eXhibited a very strong positive test for the oarbonyl tunction. 

In this case the hot, dilute acid was capable only of hydrolysis 

of the acetal grouping presumably to yield the free unpolymer­

ized and unoyolized aldehyde in 84% yield. Although attempts 

to orystallize the aldehyde tailed, the orude oil was oyclized 

in 83% sulfurie acid over a 4-hour period to arrord an unusually 

good {38%) yield of the pyrroline compound, C2oH2304N. 

Table IV summarizes various trials to determine the 

optimum conditions for the hydrolysis and oyclization of the 

original acetal. The more concentrated acid gave a maximum 

yield of 56% arter 7 hours, while the 75~ acid yielded a maximUM 

of only 30~ arter 8 hours. The instability of the product in 

83% sulfuric acid, however, was demonstrated by reeovery of only 

48% and 18~ after 2 and 18 hours at 20°C., respeetively. Al­

thougn laek of material prevented further experimenta, the re­

sulta suggested that a mudh sborter reaction time .in concentra­

ted sulfuric aeid would atford a further improvement in the 

maximum yield. An ~provament might also be furniahed by prior 

hydrolysis of the acetal grouping in hot dilute acid, tollowed 

by ring olosure, sine• one sudh reaction (PP• 70-71) gave an 

over-all yield of 32~ with a ring closure step of only 4 hours. 

Comparison with the 34~ yield obtained from the acetal compound 

atter 5 hours in 83% sulfuric aeid (Table IV) suggests that the 



TABLE IV 

Cyclization of the Hydrogenated SChirf Base 
in 75% and 83% Sulturic Acid at 20°C. 

Hydrogena ted Sulfuric Acid Reaction Yield or 
Schiff Base Ti me C2d!2304N 

(moles x 104) (cc. ) 00. (hrs.) <%> 

9.2 6 75 4 1.6 
9.2 6 75 6 6.8 
9.2 6 75 8 30. 
9.2 6 75 11 12. 

23.1 11 83 5 34. 
23.1 11 83 6 42. 
23.1 11 83 7 se~· 
23.1 11 83 8 54. 
23.1 11 83 10 18. 
23.1 11 83 13 2. 

4.6 2.4 83 17 o. 
23.1 17 83 4.5 25. (a) 
34.6 17 83 6. 48. {b) 

(a) Arsenic pentoxide (0.0044 mole) waa added. 
{b) Arsenic pentoxide {0.0087 mole) was added. 

condensation was set ahead by approximately the 1ength of time 

it would take for hydro1ysis of the acetal group. 

Fina11y, the addition of arsenic pentoxide to the re­

action mixture had no appreciable effeot on the yield of the 

pyrroline, whieh was 25% after 4.5 hours and 48% after 6 hours. 

In reactions invo1v1ng similar oompounds (of. pp. 24-27), where 

oyclization initially ooourred to give an inter.mediate dihydro­

isoquinoline, the presence of arsenic pentoxide serve to dehy-
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drogenate (or oxidize) this inter.mediate to the corresponding 

isoquinoline. The faet that no oxidation occurred in the 

present instance f'umished f'urther support to the view that 

C2QH23o4N was best represented as the pyrroline (LVII). 
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EXPERIMENTAL 

Preparation of Deso;yveratroin (44) 

A. A solution of 60 ~., or 0.36 mole of veratraldehyde, 

and 13 gm., 05 0.22 mole, of potassium cyanide in 180 cc. of 

ethanol and 60 cc. of water was heated under reflux in a 500 cc. 

three-neck flask for 4.5 hours. During this time, hydrogen was 

bubbled into the deep red solution through a tube extending to 

the bottom of the flask. After the solution was cooled, it was 

saturated with carbon dioxide, diluted with 500 cc. of water 

and extracted with six lOO cc. volumes of ether. After drying 

over anhydrous sodium sulfate the clear yellow ether extract 

was mixed with 700 cc. of petroleum ether {b.p. 30-35°C.) and 

allowed to stand overnight at -7°0. The yellow oil whieh 

settled was separated by decantation, redissolved in 200 cc. 

of ether, reprecipitated with lOO cc. of petroleum ether and 

finally dried in vacuo to a constant weight of 32 grams. 

Yield of crude veratroin, 53%. 

A solution of this oil in 400 cc. of methanol, 200 cc. 

of glacial acetic acid and 100 cc. of water was heated on a 

steam bath under reflux and 56 ~· of zinc dust was added over 

the course of 2 hours during which time the solution changed 

from yellow througn green to colorless. After complete addition 

of the zinc dust, the solution was cooled, filtered, and evaporated 

to a volume of 50 cc. in vacuo. The concentrate was then poured 



into 600 cc. of stirred water and the solid which separated 

was recovered on a filter and air-dried. Weignt, 12.5 gm. 

(22%) and melting point 84-92°C. One recrystallization from 

methanol left 10.5 gm. melting 94-99°C. FUrther recrystalliza­

tion from methanol, ethanol, benzene or ethanol-benzene tailed 

to raise the melting point above this to the 105°C. value 

quoted by Kubiczek (44). 

B. In an exactly similar run, 11.3 gm., or 0.036 mole, 

of the crude desoxyveratroin was dissolved in lOO cc. of abso­

lute ethanol and 10.0 ce. of glacial acetic acid (0.175 mole) 

and was heated under reflux with 6.7 gm., or 0.040 mole, of 

Girard•s "T" reagent (47) for 2 hours. After cooling, the red 

solution was poured into 300 gm. of ice and water oontaining 

21.5 SM• of potassium carbonate and the mixture was extracted 

with benzene. The clear, almost colorless aqueous solution 

was then aciditied to pH 1.0 with hydroChloric acid and a white 

solid separated. Atter filtration and air-drying, the product 

weigned 4.6 gm. and melted from l03.5-104.5°C. This prepara­

tion represented a yield of pure desoxyveratroin of 8.1% of 

theory. 

c. The yield was 1ncreased to 18% of theory by eliminating 

the petroleum ether precipitation. T.he dried ether extraet 

from a run employing 1.2 moles of veratraldehyde was evaporated 

in vacuo under nitrogen and the total residual oil recovered 

with Girard•s reagent to yield 33 gm. (0.104 mole) of desoxy­

veratroin melting from 103 to 104°C. No higner yi•ld than 18~ 
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was ever obtained in this preparation. 

Preparation of 0-Benzyl Vanillin (28) 

A solution of 45 gm., or 0.296 mole, of vanillin 

was heated under reflux 1n 90 cc. of methanol for 6 hours with 

39 gm. (0.308 mole) of benzyl Chloride and 21 gm. of finely 

divided potassium carbonate. The mixture was then cooled and 

filtered. White erystals appeared in the filtrate on evapora­

tion, and were recovered on a filter and dried in vacuo. Weight, 

50 gm. {70%) and melting point 60-61°C. The accepted melting 

point is 6l-62°C. 

Preparation of 3,3 1 -Dimethoxy-4,4 1 -

dibenzyloxydesoxybenzoin 

The method of Kubiczek (44) for the preparation of 

desoxyveratroin was employed in this case also. A solution 

of 35 gm., or 0.144 mole, of 0-benzyl vanillin and 5.2 gm.., 

or 0.088 mole, of potassium eyanide in lOO cc. of ethanol and 

20 cc. of water was heated under reflux for 4.5 hours in an 

atmosphere of hydrogen. At the end of this time the solution 

was cooled and poured into 400 ce. of ice-cold water. The 

gum that settled was separated by decantation and dissolved in 

400 ce. of ether. This solution was washed with dilute sodium 

carbonate, dilute sodium bisulfite, and finally with water 

and dried over anhydrous sodium sulfate. After evaporation 

of the ether the residual oil was dissolved in 300 cc. of 

methanol, 150 cc. of acetio acid, and 75 cc. of water and 

heated under reflux while 39 gm., of zinc dust was added over a 
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1.5-hour period. The white solid that separated on cooling 

was recovered with the excess zinc dust, redissolved in acetone 

and the resulting colorless solution was filtered and poured in­

to a large amount of water. The long, fine, white needles that 

separated were recovered and drie~ in Tacuo to a weight of 9.5 

gm. melting at 141-142°0. Subsequent recrystallization from 

ethanol failed to raise the melting point. The preparation gave 

a 28% yield of pure 3,3'-dimethoxy-4,4'-dibenzyloxydesoxybenzoin. 

Cale. for C28H22Q3(0Me)2: OKe; 13.2~. Found: OMe; 13.0, 13.0~. 

Preparation of Desoxzbenzoin 

The method of Kubiczek (44) for the reduction of vera­

troin was applied to benzoin. A solution of benzoin (42 sœ., 
0.20 mole) in 800 cc. of methanol, 400 ce. of glacial acetie 

acid and 200 cc. of water was heated under reflux on a steam 

bath while zinc dust (115 gm., 1.74 moles) was added in small 

portions over a one-hour period. The condenser was set dow.nward 

for distillation and after 700 cc. of distillate had been col­

lected the residue was Chilled and poured into 2 litres of eold 

water. The yellow solid that separated was recovered, dried 

and digested with 150 cc. of boiltng methanol whiah was allowed 

to cool to 35°0. before the undissolved, residual benzoin was 

r«moved. Evaporation of the methanol filtrate to about 100 cc. 

and ehilling to -3°0. ~ve 16 gm., or 41~ of theory, of desoxy­

benzoin melting 54-56°0. !he accepted m.p. is 56°0. 
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Preparation of Deso;yveratroin Oxime (38) 

A. A solution of 12 gm., or 0.038 mole of desoxyvera-

troin and 3.0 ~.,or 0.043 mole of hydroxylamine hydroChlor­

ide 1n 30 ec. of pyridine was heated on a steam bath for 5 

hours and after cooling was poured into lOO cc. of water. T.be 

yellow oil whiOh separated crystallized slowly and the solid 

was recovered, washed with dilute (25%) methanol and dried in 

vacuo. The crude yield of 10.5 gm. was recrystallized from 

130 cc. of ethanol to give 8.4 sm. (67% of theory) or desoxy­

veratroin oxime melting at 126-127°0. The accepted melting 

point is 128°0. 

B. A mixture of 12.5 sm• or 0.0395 mole of desoxyvera~ 

trein, 15.6 gm., or 0.225 mole of ·bydroxylamine hydroChloride 

and 18.8 gm. or 0.028 mole of sodium acetate was stirred in a 

solution of 940 cc. ot ethanol and 170 cc. of water for two 

days. At the end of this time, the mixture was poured into 3 li­

tres of stirred cold water. T.he white solid whieh separated 

weighed 12.9 gm. and melted at 128.5-129°0. after filtration 

and air drying. This amount represented a yield of 99% of 

theory of pure desoxyveratroin oxime. (Cale. for C1~a(OCH3)4 

NOR: OCH3; 37.5~. Found: OCH3; 37.3 1 37.5%). 

Preparation of 3,3•-Dimethoxy-4,••­
dibenzyloxydesoxybenzoin oxt.e 

A· No reaction eould be effected wben tne insoluble 

3 1 3•-dimetho%,1-4,4'-dibenzyloxydesoxybenzoin was stirred wi~ 

hydroxylaaine hydroChloride and sodium acetate in 80~ ethanol. 
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B. A solution of 0.33 gm., or 0.00070 mole, of the 

desoxybenzoin and 0.06 gm., or 0.00086 mole, of hydroxylamine 

hydroehloride in 10 cc. or pyridine was heated under reflux on 

a steam bath for 5.5 hours. The clear yellow solution was 

poured into lOO cc. or water and the white solid that separated 

was recovered and dried in vacuo. Weight, 0.29 gm (85% of 

theory) and melting point 136-137°0. Three recrystallizations 

from ethanol raised the melting point to 137-137.5°0. The 

melting point was depressed to 124-133°0. on admixture with the 

starting material. 

Reduction of Desoxzveratroin Oxime 

A solution or 12.9 ~.,or 0.039 mole, or desoxyvera­

troin oxime in 75 cc. or ethanol and 25 oc. or glacial acetic 

acid was hydrogenated in a 300 cc. Parr bomb with 3.0 gm. of 

Raney nickel catalyst and hydrogen at 1300 p.s.i. The heating 

was adjusted to raise the bomb temperature tirst to 80°0. in 

25 minutes, and then over an additional 50-minute period to 

100°0. The bomb was then allowed to cool. Filtration and 

evaporation of the colorless solution left a clear oil whiCh 

was partitioned between 90 ce. of 0.3N hydroChloric aeid and 

several extractions with ether. The addition of sodium hy­

droxide to the aqueous solution precipitated a white solid whicn 

was recovered by filtration and dried. The 3,4,3•,4•-tetra­

methoxydesylamine whieh was thus obtained weighed 8.5 gm., 

melted at 104.5-105.5°0. and represented a yield of 69% of 

theory. (Cale. for c1aa23o4N: N, 4.41%. Found: N, 4.26%) 
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Allen and Buck (38) reported the melting point of this compound 

as 106-107°0. 

Preparation of Chloroacetal 

The procedure described below was adapted from the 

work of Natterer (49) on the conversion of Chloroacetaldehyde 

to its acetal. 

A 40% aqueous solution of chloroacetaldehyde obtained 

from the Dow Che.mical Co. (530 gm., 2.67 moles) was saturated 

with ammonium nitrate and ammonium sulfate and extracted with 

ether. This extract was dried over arihydrous calcium sulfate 

and the ether was distilled to leave a colorless oil Which was 

dissolved, together with 10 gm. of calcium chloride, 1n 1600 

cc. of absolute ethanol and 600 cc. of absolute benzene. The 

solution was heated on a steam bath and over the course of 2.5 

hours 1600 cc. of distillate was colleeted while 1000 co. of 

ethanol and 300 cc. of benzene were added in increments. ~· 

solution was then heated overnignt under reflux, 300 cc. of 

benzene was added and in the suoceeding 1. 5 hours a further 

1300 ce. of distillate was collected. The pot residue atter 

cooling was dissolved in 1500 cc. of ether, the solution ex­

tracted several times with water and dried over potassium car-

bonate followed by magnesium sulfate at 10°0. Fractional dis­

tillation of the clear solution gave 120 gm. (30% of theory) 

of chloroaeetal boiling over the range 14B-157°C. at 760 mm. 

!he aecepted boiling point range of this compound is 154-156°0. 

at 760 DDR. 
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Preparation of Aminoaeetal (55) 

A. Eaeh of two 1.6 cm. Carlus tubes contained 5.3 gm., 
0.035 mole, of chloroacetal, 5.7 gm., 0.05 mole, of ammonium 

carbonate, 49 cc. of 28% ammonium hydroxide (0.72 mole), 0.43 

gm., 0.0025 mole, of potassium iodide and 9 cc. of ethanol. 

The tubes were sealed and heated in a shaker at 112 to ll7°C. 

for 31 hours. Atter cooling, the bomb contents were filtered 

and extracted with ether to remove any unchanged chloroacetal. 

The aqueous phase was then evaporated in vacuo at 40-50°C. 

and the heavy oily residue was saturated with potassium car­

bonate and extracted with ether. The ether extract, arter 

being dried over solid potassium hydroxide and fractionally 

distilled, gave 3.3 gm. (35%) of aminoacetal boiling over the 

range 160-l65°C. at 760 mm. pressure. Cale. for aminoacetal, 

C2H5N(OEt)2: OEt, 67.6%; neutralization equivalent 133. Found: 

GEt, 66.9 1 66.6%; equivalent weight by titration against 

0.030 N hydrochloric acid using a glass electrode, 136. The 

picrate of this liquid melted from 142-143°C. Both the boil­

ing point of the liquid and the melting point of its picrate 

were identical with the values quoted in the literature (55) 

for aminoacetal. 

B. In similar preparations employing equivalent amounts 

of bromoacetal, the yield of aminoacetal a1ways ranged from 

11-14% of theory. This yield was also not affected when the 

run was carried out at 140°C. for 12 hours or at 120°C. for 

27 hours. 



Condensation of Desoxyveratroin 
and Aminoacetal 

A. A solution of 2.18 gm., 0.0069 mole, ot desoxyvera-

troin and 1.0 cc., 0.0069 mole, of aminoaoetal in 50 cc. ot 

ethanol was allowed to stand for 7 days at room temperature. 

A lOO% recovery of the desoxyveratroin was obtained on eva­

poration of tne solvents. 

B. A similar solution after being heated under reflux 

tor 30 hours,with a drying tube attached to the condenser, al­

so gave rise to a lOO% recovery of desoxyveratroin. 

c. When the above trials were repeated with the addition 

ot either 2-3 drops or 5 cc. of glacial acetic acid similar 

resulta were obtained. 

D. A solution of 2.18 gm., 0.0069 mole, of desoxyveratroin, 

1.0 cc., 0.0069 mole, of aminoacetal and one drop of 50% sodium 

hydroxide in 10 cc. or pyridine was heated under reflux tor 18 

hours, cooled and precipitated into 50 cc. of water. Atter mild 

acidification, the yellow solid that separated was digested with 

30 ce. of methanol to leave 0.25 gm. (11%) of veratril. The 

methanol filtrate from the veratril on evaporation yielded 1.72 

gm. (79%) of·desoxyveratroin. 

E. A solution of 0.8 gm., 0.0026 mole, of desoxyveratroin 

and 1 ce., 0.0070 mole, of aminoaoetal in 6 ce. of dry pyridine 

was added to 0.5 cc. of dry pyridine saturated witb hydrogen 

Qhlor1de. The solution was heated under reflux and in a hydrogen 



atmosphere ror 9 hours and then precipitated into 400 cc. ot wa­

ter to recover 0.57 gm. (71%) of solid desoxyveratroin. Extrac­

tion of the aqueous solution with Chlorofor.m and evaporation ot 

the extract lett a red oil which gave 0.03 gm. (4%) of veratril 

on treatment with a little ethanol. Finally, the aqueous solu­

tion was acidified and extracted with chlorofor.m. A 16% yield 

(0.15 gm.) of veratric acid resulted from evaporation of the 

extra ct. 

All products in the above series of reactions were 

identified by mixed melting point determinations with authentio 

samples. 

F. A mixture of 2.18 gm., 0.0069 mole, of desoxyveratroin 

and 1 cc. or 0.0069 mole of aminoacetal in a small distillation 

assembly was heated for 6 hours on a steam ~ath. During this 

period, full vacuum was applied to the system and the receiver 

was placed in a dry ice trap. On cooling, the residual oil waa 

treated with a little water and a lOO% recovery of crystalline 

desoxyveratroin was effected. 

G. In a 125 cc. Claisen flask were placed 25 gm. of de-

soxyveratroin (0.079 mole) and 24 gm. of aminoacetal (0.18 mole). 

The flask was fitted with a ther.mometer and a capillary tube 

supplying nitrogen (both extending into the liquid), a aide arm 

for a condenser and a receiver attaChed through a 3-way stop­

cook to either nitrogen or vacuum. Heat was supplied by a con­

ventional GlasCol mantle. After flushing the system with nitro-
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gen, the heating and vaeumn were adjusted eontinuously to give 

slow but steady distillation with the pot liquid at 150-160°0. 

The distillation extended over 2 hours after whioh 19.4 SM• of 

aminoaeetal was added to the residue and the procedure repeated. 

The addition and distillation of aminoacetal was carried out once 

more and, after eooling, the residue was treated with a little 

acetone and filtered. A recovery of 22.6 gœ. of pure crystalline 

desoxyveratroin was obtained in this way. 

The red gum obtained by evaporation of the acetone fil­

trate was treated with Girard•s •T" reagent as outlined on page 

52~ and a .further o. 47 gœ. of deso.xyvera troin was obtained, there­

by bringing the total reoovery up to 92% of the starting mater­

ial. The re.œaining produet was 5.0 gm. (or 20% by weignt) of an 

uncrystallized red gum. ahromatography of this gum did not er­
reet a satisfactory purification. 

H. A 125 cc. distillation assembly containing 20.0 gœ. 

of desoxyveratroin (0.063 mole) and 3~7 gm. of aminoacetal 

(0.253 mole) was swePt out with nitrogen and the GlasCol heat­

ing mantle was adjusted continuously to give slow, uniform dis­

tillation or the excess aminoacetal at 760 mm. pressure. The 

liquid tamperature, as read with a thermometer extending to 

the bottom of the flask, rose steadily over the course of the 

one-hour distillation from an initial value of 165°C. to 245°0. 

as the last traces of the excess aminoacetal were carried over. 

The weigb.t of the distillate was 27.3 gm. while theory oalled 

for 25.3 gm. of aminoaoetal together with 1.1 gm. of water, or 
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a total or 26.4 gm. 

The lignt yellow still residue was taken up in lOO co. 

or ethanol and hydrogenated with 2.0 gm. or Raney nickel in a 

300 cc. Parr bomb at 1300 p.s.i. The temperature or the bomb 

was raised to 80°0. in 20 minutes and then held between 80°0. 

and 100°0. for an additional 80-minute period. After filtra­

tion and evaporation ot the bomb contents, the resulting yellow 

oil was partitioned between 150 oc. or 1 N hydroChloric acid 

and several extractions with ether. 

Neutralization or the acidio aqueous solution with 

oaustic soda gave a mass or white crystals. These crystals 

were reoovered 1 waShed and dried to give 16.5 sœ• (or 61% based 

on desoxyveratroin) ot N-(3 1 4 1 3•,4•-tetramethoxydesyl)-amino­

acetal melting tram 66 to 68°0. Repeated crystallization from 

methanol gave tine, white, telted needles and raised the melting 

point to 69.6-70.0°0. This compound was Tery soluble in dilute 

mineral acids, ether, ethyl acetate, chlorotorm and benzene and 

only slightly less soluble in ethanol or methanol. Cale. tor 

C24ff3506N: C, 66.47; H, 8.15; N, 3.24; OMe (OEt oaloulated as 

OMe) 43.0%. Found: 0 1 66.52, 66.48; H, 8.26 1 8.28; N1 3.25 1 

3.29; OMe (OEt calculated as OMe) 42.6 1 42.2%. 

Extraction of the basic aqueous tiltrate from the 

above produot with Chlorofor.m and evaporation or this extraet 

lett 1.4 gm. ot an uncrystallizable red gum whiCh was not ex­

amined turther. 
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The ether extract from the original acidification 

with hydroehloric acid was dried over sodium carbonate and 

evaporated to give 5.9 gm. of a red oil. This oil was taken 

up in 50 ce. of ethanol and 5 ce. of glacial aoetic aoid and 

was heated under reflux for 1.5 hours with 3.2 gm. (0.0188 

mole) of Girard•s "T" reagent. The resulting red solution 

was worked up as previously described to give a 1.8 gm. (9%) 

recovery of pure erystalline desoxyveratroin. At the same 

time, 4.2 gœ. of a Girard neutral red oil was obtained from 

which 1.8 gm. of a crystalline solid melting from 96-108°0. 

was separated. Repeated attempts to puri~7 this solid by 

crystallization techniques failed completely. Since no nitro­

gen could be detected in a standard analysis, this substance 

probably consisted of desoxyveratroin reduction products and 

was not examined further. 

I. Subsequent attempts to repeat this condensation with 

seamingly identioal reactants continually led to only 20-25% 

yields of N-(3 1 4,3 1
1 4 1 -tetramethoxydesyl)-aminoaeetal. The 

addition of several drops of glacial acetic acid to one reac­

tion mixture did not increase this low yield. When amine­

acetal was added over a 2-hour period under the surface of 

tused desoxyveratroin, stirred and maintained at 245°0. under 

nitrogen, none of this product could be isolated atter hydro­

genation. 



Reaction of Haloacetals with 
3,4,3',4'-Tetramethoxydesylamine 

63. 

A. A suspension of 3,4,3',4'-tetramethoxydesylamine 

(2.0 gm., 0.0063 mole) in 5,0 gm, (0,0327 mole) of ahloro-

acetal and 25 cc. of dry xylene was digested under re~lux 

in a nitrogen atmosphere for 21 hours. After the mixture had 

cooled, the fraction soluble in aqueous acid was separated 

from the ether-xylene soluble portion. On making the aqueous 

solution alkaline 0,69 gm., or 35%, of 3,4,3',4'-tetramethoxy­

desylamine was recovered. Only a heavy black uncrystallized 

gum was obtained on evaporation of tne ether-xylene solution. 

B. A solution of 2 gm., 0,0063 mole, of 3,4,3',4'-tetra-

methoxydesylamine in 75 cc. of dry benzene was treated with 

1.61 gm., 0.0082 mole, of bromoacetal (cale. for C5ff1302Br: 

Br, 40.6%. Found: Br, 40.4, 40.0%). The solution was al­

lowed to stand at room temperature for 15 hours, after whicn 

time 0,38 ~· (19% by weight) of a white amorphous precipi­

tate was separated by filtration. The benzene filtrate was 

evaporated; the residue was dissolved in dilute hydrocbloric 

acid and this solution was washed with ether and then neutral­

ized with caustie soda to give a 60% recovery of crystalline 

3,4,3',4'-tetramethoxydesylamine. 

The seemingly amorphous solid was insoluble in all 

common organic liquids except pyridine, and was also insoluble 

in water and aqueous acid or alkali, The material was purified 

by solution in a minimal amount of pyridine followed by preci-
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pitation with ether. Three suOh fraotionations followed by sev­

eral washes with boiling chlorofo~ left the compound with a 

constant decomposition point of 237.2°C. (heated at 5°C./min.). 

Found: C, 48.59, 49.07; H, 5.53, 5.66; N, 0.28; OMe, 27.3, 26.4; 

Halogen o.o%. No correlation of these data with any one molecu­

lar formula could be made. 

Ring Closure of the SChiff Base 
Derived from Desoxyveratroin 
and Aminoacetal 

A. Desoxyvsratroin (2.32 gm., 0.0073 mole) and aminoacetal 

(6.2 cc., 0.0434 mole) were condensed as described on pages 60 

and 61. 

a) A one-third portion of the erude Sahitf base was treated 

with a solution of 1.5 gm. of pho~phorus pentoxide in 6 cc. of 

concentrated sulfuric acid. 

b} Another third was treated with 8 cc. of 80% sulfurie 

acid and finally, 

c) the last third was treated with 6 ec. of concentrated 

sulfuric acid. 

The erimson solutions were allowed to stand at rooa 

temperature for 40 hours, af'ter whiah eaeh was mixed with 30 gm.. 

of ehopped ice to give a Qhestnut brown precipitate. · The aqueous 

slurries were then made alkaline wi th caustic soda and the organ-

ic bases were extracted with benzene. Extraction of the benzene 

solutions with 250 cc. of 0.10 N hydrochloric acid and addition 

of excess caustic soda to the extracts gave a slightly brown 

solid in eaCh case: 

.• 
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a) 0.32 gm. melting 141-146°C., 

b) 0.52 gm. melting 137-~44°C., 

c) 0.39 gm. melting 140-145°C. 

These thpee products, Show.n to be identical by mixed 

melting point dete~inations, were combined and decolorized with 

Charcoal in 50 co. of hot ethanol. On cooling the filtered 

ethanol solution, 0.49 gm. of yellow needles melting at 164 to 

165°C. were obtained, representing a yield or 19.8% (based on 

C2oH2104N). Three subsequent recrystallizations raised the 

melting point to l64.5-165.5°C. Cale. for C2dH2104N: c, 70.75; 

H, 6.25; N, 4.13; OMe, 36.6~; Mol. wt., 339. Found: C, 70.51 1 

70.78; H, 6.33, 6.25; N, 4.01, 4.02; OMe, 35.9 1 36.1%; Mol. wt. 

deter.mined cryoscopically in benzene, 354, 336. Deter.minations 
t. 

made in anisole by the Zerewi~off method (57) Showed the pres-

ence of 0.12 and o.o7 gœ. of active hydrogen per mole. 

The compound was insoluble in water and ether, very 

soluble in Chlorotor.m, pyridine, glacial and aqueou. acetic acid, 

and sparingly soluble in acetone, methanol and ethanol. Treat­

ment of an acetone solution of this compound with a little con­

centrated hydrochloric acid precipitated the orange colored hy-

droChloride of the base. This hydrochloride was only sparingly 

water-eoluble, was rather unstable on recr.ystallization from hot 

solvents and melted with decomposition at 212°C. Cale. for 

C2dff2104N•HCl: Cl, 9.46~. Found: Cl, 9.36, 9.33~. 

B. Desoxyveratroin (25 s-., 0.079 mole) and aminoacetal 
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(30 gm., 0.225 mole) were condensed as desoribed on pages 60 

and 61 to give 29.8 gm. or the crude SChitt base. Hydrogena­

tion of 14.8 gm. of this oil yielded 3.82 gm. or orystalline 

N-(3 1 4,3',4'-tetramethoxyde~l)-aminoaoetal, or 22.5% based on 

the desox,-vera.troin. 

The remaining 15.0 gm. of the orude Sohift base was 

stirred with 160 cc. of 83% sulfuric aoid for 20 hours, after 

whicn time the mixture was worked up as desoribed in Section A 

to yield 2.89 gm. (or 21.5%) ot the yellow crystalline base, 

C2dff2104N. !he b~ow.n ethanol filtrate from the reorystalliza­

tion of this base was evaporated to dryness and the brown resi­

dual powder was digested exnaustively with boiling (50-80°0.} 

petroleum ether. Filtration and evaporation or the olear yellow 

extraet lert 0.39 gm. of a yellow-White solid melting over the 

range 13~136°0. This solid was dissolved in benzene wh1Ch 

had been dried over anhydrous calcium ohloride and the solution 

was run onto an alumina oolumn. The yellow base, C2oH21 o4N, 

was washed througb. the column under tbese conditions and a rur­

ther 0.17 gm. of this base, melting at 163-165°0., was obtained 

on evaporation of the benzene. !he alumina oolumn next was ex­

truded and all but the upper 0.5 am., whiCh was a deep brown 

color, was extracted with 5% pyridine in methanol. This ex­

tract, on filtration and evaporation, yielded 0.15 gm. (or 1.1%) 

of papaverine melting over the range 146.5-147.5°0. Cale. for 

ClsH9(0:M:e)4N: OMe, 36.6_%. Found: OMe, 36.3, 36.0%. The base 

was converted to its hydroehloride, wh1Ch melted at 221-222°0. 

/ 
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Cale. for C2QH21o4N•HC1: Cl, 9.46~. Found: Cl, 9.38, 9.25%. 

The melting points of the base and its hydroehloride were iden­

tieal with those of authentie papaverine and its hydroChloride 

respeetively, and no depression in the melting point was ob­

served on admixture of the appropriate eompounds. 

c. A similar reaction, in whian the crude SChiff base 

was treated wi th 83% sulfurie a cid and four aliquote were isola- • 

ted by pouring onto ice atter 15 1 201 27 and 40 hours respective­

ly, gave rise i~ eaeh case to 18 to 20% yields of the yellow 

base, c2oH21 o4N. 

D. The attempts outlined below were made to obtain posi-

tive chemieal evidence for the structure of the yellow base, 

C2oH2104N• 

A 95% recovery of the base was etfected atter it had 

been heated under reflux in benzene with excess methyl iodide for 

3 hours; a 98% recovery from acetie anhydride in pyridine at 

room temperature for 3 days; a 100~ recovery from benzoyl 

chloride shaken with excess aqueous alkali; and oaaplete des­

truction of the compound in acetic anhydride, catalyzed with 

terrie ehloride, for 5 hours at 100°C. All these negative ex­

perimenta pointed to the absence of the N-H group. 

!he base was eompletely destroyed when treated with 

zinc dust and hydrochlorio acid at 30 to 40°0. for 25 Dinutes. 

However, reduction with Raney nickel and hydrogen in ethanol at 

1600 psi and 130-140°0. for 1 hour proceeded quantitatively. A 



95% yield by weight ot a clear, oolorlesa, aoid soluble oil 

was obtained Whicn did not eXhibit the Charaoteristie orange­

yellow oolor of the original base when treated with hydroohlor­

ic acid. None ot the usual amine salta ot this product oould 

be obtained in a crystalline form, but when a portion of the 

oil was shaken with excess benzenesulfonyl chloride and aqueous 

alkali a colorless, insoluble gum was obtained whiCh did not 

redissolve in dilute hydrochlorie acid. This gum was not fur­

ther investigated. 

Oxidation of the base with neutral or slightly basic 

potassium permanganate in aqueous acetone gave only a relative-

ly low yield of veratric acid. 

Attempted Ring Closure of the SChift 
Base Derived from Desoxybenzoin 
and Aminoacetal 

A solution of 4.5 gm. (0.023 mole) of desoxybenzoin 

in 14.5 gm. (0.11 mole) of aminoacetal was placed under nitro­

gan in a 25 cc. distillation assembly. A GlasCol mantle sup­

plied heat for a slow distillation of the excess aminoaoetal and 

the water formed during the condensation. Atter 2.5 hours a 

distil1ate of 11.6 ~· was co1lected whereas theory would demand 

11.5 gm. of aminoaoetal plus 0.4 gm. of water. The red oily 

residue, 6.0 gm., in the Claisen flask was taken up in ether, 

waShed with a little aqueous sodium bicarbonate and dried over 

arihydrous sodium carbonate. 

After evaporation of the ether, the red oil was frozen 



in solid carbon dioxide - acetone and was treated with 35 cc. 

of cold, concentrated sulfuric acid. The resulting deep brown 

solution was allowed to stand at roam temperature for 30 hours, 

after whiCh time it was poured onto 300 gm. of chopped ice. The 

brown amorphous solid that separated was stirred with dilute 

alkali until the waShings gave a negative test for sulfate ion. 

After being dried, the product was insoluble in ethanol, chloro­

for.m, acetone and dilute mineral acids but dissolved in glacial 

acetic acid. Attempted fractionation and crystallization com­

pletely failed to alter the brown amorphous nature of this ma-

te rial. 

Ring Clos ure of the Hydrogena ted Schiff 
Base Derived from Desoxyveratroin 
and Aminoacetal {See Tables II to IV) 

A. Six 0.20 gm. (0.00046 mole) portions of the pure hy-

drogenated SChiff base, N-{3,4,3•,4•-tetramethoxydes,yl)-amino­

acetal (XLVI) previously prepared were dissolved in chilled 

solutions of 83, 75, 65, 50 1 35 and 20% sulfuric acid by weight. 

Artel' 17 hoUI's at room temperature the solutions ran.-

ged from a deep brown in the more eoncentrated acids to color­

less in the 20% acid. At this time all were poured into ice 

water and the resulting solutions were extracted with benzene. 

In all cases evaporation of the benzene left 20-30 mg. of a 

yellow gum that was obviously insoluble in aqueous alkali or 

acid. This gum was not examined further. When the original 

sulfuric acid solutions were made alkaline, no precipitates ap­

peared except one of 10 mg. m.p. 149-151°0., from the condensa-
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tion wi th 75% sul:furio aoid, and another, 30 mg. :from the expert­

ment with 20% aoid. The :first preoipitate proved to be 6.4~ 

of the crystalline compound C2QH23o4N disoussed below, while 

the second represented 15% of unahanged starting material. 

B. A solution of 0.10 gm. or 0.00023 mole of the hydro-

genated SChif:f base (XLVI) in 5.00 cc. of concentrated hydro­

Chloric aoid was allowed to stand at room temperature. After 

various periods of time a 1 oc. aliquot was removed, poured 

onto ice, made alkaline with caustio soda and filtered. The 

gummy precipitates that were collected all eXhibited a negative 

dinitrophenylhydrazine test for the free oarbonyl function. 

They were not examined :f'urther. 

The tive tiltrates were then added separately to a 

distillation assembly and any free ethanol was distilled and 

collected in a receiver oooled at -60°0. The distillates 

(eaCh about 7 cc.) were then treated with 2.5 gm. of phenol 

and 10 cc. of constant boiling ~ydriodic acid in the usual 

methoxyl distillation assembly and the free ethanol was esti­

mated. When the procedure had been standardized with very 

dilute aqueous solutions of knownethanol content, it was round 

that hydrolysis of the hydrogenated Sahiff base for 0.5,3, 6, 24 

and 51 hours gave rise respectively to 14, 71, 98, 100 and 99~ 

of the theoretical amount of ethanol. 

c. A solution of 0.200 gm. of N-(3,4,3',4'-tetramethoxy-

desyl)-aminoacetal (XLVI) in 10 cc. of 2 N hydroahloric aoid was 
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heated under reflux for 7 hours, when the liberation of ethanol 

was round to be 92% complete. In this case, the gummy yellow 

solid that was isolated eXhibited a very strong positive dini­

trophenylhydrazine test for the free carbonyl function. The 

yield amounted to 0.138 gm. or 84%. This material was treated 

with 2 cc. of 83% sulfuric acid at room temperature for 4 hours. 

The brown solution was then poured onto ice, washed with ben­

zene, filtered, and made alkaline to precipitate a white solid. 

This solid, after being dried, melted at 148-151°0., and the 

0.050 gm. yield represented 38% based on the free aldehyde. The 

solid was the crystalline compound C2dff 23o4N discussed below. 

D. One gram (0.0044 mole) of arsenic pentoxide was stirred 

for 0.5 hour in 17 cc. of hot 83% sulfuric acid. After Ohilling 

the mixture, 1.0 gm. of the hydrogenated SChiff base (0.00231 

mole) was added and the solution was allowed to stand at room 

temperature for 4.5 hours with occasional shaking. The solu­

tion was then worked up as before to yield 0.19 gm. (or 25% 

of theory) of a white solid soluble in hydrochloric acid and 

melting at 149-152°0. 

E. A mixture of 1.5 gœ. (0.00346 mole) of the hydrogen-

ated SQhiff base, 2 gm. (0.0087 mole) of arsenic pentoxide and 

17 cc. of 83% sulfuric acid was stirred for 6 hours at room 

temperature. This time, 0.56 gm. (or 48% of theory) of a White 

solid melting at 152-153°0. was obtained on working up the mix­

ture as described before. 
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F. Six solutions of 1.0 gm. {0.00231 mole) of the hy-

drogenated SChiff base in 11 cc. of a3% sulfurie acid were al­

lowed to stand at room temperature for 5, 6 1 7, a, 10 and 13 

hours. After working up as already described, the acid-soluble 

white solide melting at 150-154°C. amounted to 34, 42, 56, 54, 

la, and 2% of theory, based on C2oH2304N, respectively. 

With 0.40 gm. (0.00092 mole) of the hydrogenated 

SChiff base in 6 cc. of 75% sulfuric aeid for 4, 6, a, and 11 

hours the yields of this solid, C2dff2304N, were 1.6, 6.a, 30, 

and 12% respective1y. 

When the basic white solid, obtained as a product in 

these reactions, was treated with a3% sulfuric acid at room 

temperature, the solid recovered by the usual procedure atter 

2 and la hours amounted to 4a and 14% respectively. 

G. The white, basic solids melting over the range 149-

1540C. obtained in experimenta A, c, D, E, and F were a11 round 

to be identioal and several reerystallizations by solution in 

acid and precipitation from alkali raised the melting point to 

l55.5-l56°C. Cale. for C2dff2304B; c, 70.34; H, s.ao; N, 4.10; 

OMe, 36.4%. Found: C, 7o.2a, 70.25; H, 6.aa, 6.a1; N, 4.05 1 

4.11, 4.02; OMe, 35.7, 35.5%. 

Treatment of this so1id 1 C2QH2304N 1 with acetic anhydride 1 

in pyridine for 3 days at roam temperature gave a 94% yield of 

the acetyl derivative melting at 203.5-203.a0c. Cale. for 

c2za25o5N: N, 3.66%; OMe, 32.4%. Found: N, 3.56, 3.60%; 
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OMe, 32.1, 32.3%. 

A ttempts to. dehydrogena te the original compound, 

C20H2304N, with selenium a.t 250°C. under nitrogen, with palla­

dium on Charcoal at 190°C. and with palladium black in boiling 

decalin led only to its complete destruction. 

Attempted Conversion of the Hydrogenated 
SChiff Base to the Corresponding Free 
AJdehyde via Its T.hioacetal 

To a stirred suspension of 15 cc. of ethyl mercaptan 

(0.20 mole) in lOO cc. of concentrated hydrochloric acid at 

room temperature was added 3.65 gm. or 0.0084 mole of the crys­

talline hydrogenated SChiff base. After 24 hours the mixture 

was drowned into 100 cc. of water and the solution was washed 

with benzene. The white gum that was precipitated wben the 

solution was made alkaline with caustic soda was extracted 

with benzene. After drying over anhydrous sodium sulfate, 

the benzene extract, on evaporation, yielded 1.98 gm. of a 

colorless oil. This oil was dissolved in acetone and treated 

with a few drops of concentrated hydrochloric acid. The heavy 

gum, left on evaporation of the solution, slowly crystallized 

while it was beated in a water bath at 60°C. in vacuo for 2 

bours. The white solid was transferred to a filter and washed 

with dry acetone followed by dry ether. Weight, 1.59 gm., and 

melting point 184-187°0. (heated at 12°0./min.). This produet 

was recrystallized by solution in a little methanol followed 

by precipitation into dry ether. Weight, 1.38 gm. and melting 
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point 184-185°0. (heated at 6°0./min. ). Found: c, 60.03; 

H, 5.87; N, 3.08, 2.99; S, 6.90, 7.08; OMe, 28.0, 27.9%. No 

correlation of these data with a reasonab1e mo1ecular struc­

ture could be made. When the purified hydroCh1oride was treated 

with a1ka1i to 1iberate the free base on1y an oi1, which ap­

peared to decompose, could be obtained. 

A solution of 1.29 ~· of the crystalline hydronhlor­

ide in water, was precipitated with alkali and extracted with 

benzene. The colorless oil 1eft after evaporation of the dri•d 

extract was dissolved in 70 cc. of acetone to whiCh had been 

added 3.75 gm. of mercur~c Chloride, 4.8 gm. of cadmium carbonate, 

and 1.0 ce. of water. The mixture was stirred at room tempera­

ture for 24 hours after whieh time it was filtered. The resi-

due left after evaporation of the filtrate was dissolved in a 

large volume of chlorofor.m and washed with dilute aqueous potassi­

um iodide followed by water. Evaporation of the dried Chloro­

form solution left 1.17 gm. of a brilliant yellow solid melting 

with decomposition at 85°0. Repeated purification of this 

solid by solution in acetone and precipitation with ether raised 

the melting point to 109°0. Found: N, 1.88, 1.90; OMe, 16.9, 

17.2; Hg, 13.8%. No reasonable structure can be correlated with 

these data. 

A solution of 0.800 gm. of this mercury complex in 

aqueous acetone containing a few drops of acetic acid was 

treated with hydrogen sulfide unti1 no further precipitation 

of black mercurio sulfide oceurred. This precipitate was fil-



tered, dried and weighed to yield the analytical figure for 

mercury quoted above. The filtrate was made alkaline after 

dilution with water and extracted with benzene. Evaporation 

of the dried extract left 0.468 gm. of a colorless oil whiah 

was negative to tests for halogen and carbonyl groups. 

This oil was treated with 5 cc. of 83% sulfurie 

acid at room temperature. Five identical aliquots were re­

moved at various times and the yield of C2oH2304N was deter­

mined as outlined before. After 1.5, 3 1 5 1 7 and 15 hours, 

the yields of C2oH2304N were 22, 30, 34, 19, and 2% respectiv­

ely. The authenticity of these products was asoertained by 

melting point determinations made on admixture with samples 

of C2QH2304N• 



SUMMARY AND CLAIMS TO ORIGINAL RESEARCH 

Veratroin, prepared by the condensation of veratric 

aldehyde in presence of potassium cyanide, was reduced to des­

oxyveratroin by zinc dust in aeetic acid. It was neeessary to 

purify the compound from veratril by condensation with Girard•s 

"T" reagent for isolated carbonyl groups and, after recovery, 

the over-all yie~d was only 18%. In a similar way the benzoin 

prepared from o-benzyl vanillin was reduced to give a 28% yield 

of the new compound 3,3 1 -dimethoxy-4,4•-dibenzyloxydesoxyben­

zoin (m.p. 141-142°0. and oxime m.p. 137-137.5°0.). The prepa­

ration of desoxyveratroin oxime was improved to the point where 

a quantitative yield was obtained under very mild conditions. 

High pressure hydrogenation at 80° to 100°0. and over a Raney 

nickel catalyst reduoed this oxime in 70% yield to the known 

3,4,3•,4•-tetramethoxydesy1amine. 

The preparation of Chloroaoetal from Chloroacetal­

dehyde, with ethanol in presence of a calcium Chloride eata1yst, 

was improved by the continual removal of the water of condensa­

tion by azeotropic distillation with benzene. The conversion of 

Chloroaeetal to aminoacetal by heating under pressure with 

aqueous ammonia - ammonium carbonate gave yields of 30 to 35% 

comparable with those reported in the literature. Bromoacetal, 

under the same conditions only gave an 11-14% yield. It was 

round that increasing the temperature to 140°0. or the reaction 



time at 115-120°C. did not markedly increase this low yield. 

Desoxyveratroin and aminoacetal could not be eon­

densed together under any of the conditions tried, unless the 

temperature was at least 165°c. At a temperature of approxi­

mately 200° and in a nitrogen atmosphere, variable yields of 

30-85% of the Schiff base were obtained. The Sdhiff base was 

completely destroyed when heated at 245°C. for prolonged per­

iods. This compound was hydrogenated in ethanol over Raney 

nickel at 1300 p.s.i. and 80-100°C. to give 20-61% of crys­

talline N-(3,4,3',4'-tetramethoxydesyl)-aminoacetal, m.p. 70°C. 

Other investigators have failed to prepare this compound. 

Treatment of the Schiff base of desoxyveratroin and 

aminoacetal with concentrated sulfuric acid, 83% sulfuric acid, 

or concentrated sulfurie acid - phosphorus pentoxide mixtures, 

produced an 18 to 22% yield of a new compound supposed to be 

2,3,-di-(3,4-dimethoxyphenyl)-5-pyrrolenine, melting at l65°C., 

as wall as a 1.1~ yield of papaverine. The former compound· 

would arise by ring closure of the aldehyde group of the acetal 

unit to the active methylene group, while papaverine would re­

ault from closure to the veratryl nucleus. Attempts to form 

the corresponding Schiff base of desoxybenzoin and aminoacetal, 

and to bring about a subsequent ring closure, gave only an 

amorphous substance. 

Ring closure of the crystalline hydrogenated Schiff 

base of desoxyveratroin and aminoacetal in sulfuric acid of 
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varying concentrations produced up to 56% of a new compound 

melting at 156°C. and analyzing for dihydropapaverine. By 

analogy with the above pyrrole formulation, this compound was 

believed to be 2,3,-di(3,4,-dimethoxyphenyl)-~3-pyrroline. 

A somewhat extensive study of the reaction conditions suggested 

that 20 to 65% sulfuric acid hydrolyzed the acetal but failed 

to bring about ring closure of the resulting aldehyde. Sul­

furie acid of 83% concentration gave the best resulta, although 

the product was not entirely stable in this reagent. 

The reaction of bromoacetal with 3,4,3•,4•-tetra­

methoxydesylamine in benzene at room temperature gave rise to 

a 20% yield of a compound decomposing at 237°C. No structure 

could be proposed for this compound. 
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